The leaves of Vitex negundo have been reported to contain various bioactive constituents including iridoids and flavonoids. This is the first report on the simultaneous determination of iridoids and flavonoids by HPLC in three different samples of V. negundo leaves collected from three regions of India. Separation of iridoids and flavonoids was accomplished by HPLC and further elaborated for their quantification in V. negundo leaves using a C-18 column with detection at 254 and 330 nm, respectively. The developed HPLC method showed good linearity (r 2 ≥0.999), high precision (RSD<5%) and a good recovery (99.3-103.0%) of the compounds. All the validation parameters of the developed HPLC were found to be within the permissible limits according to the ICH guidelines. The developed method was robust, accurate and reliable for the quality control of V. negundo leaves.
Vitex negundo Linn., a shrub commonly known as 'nirgundi' in Ayurveda, is found throughout India to an altitude of 1500 m in the outer Himalayas. The Ayurvedic Pharmacopoeia of India describes its anti-inflammatory and hepatoprotective potential [1] . V. negundo is a component of various commercially available herbal formulations and had shown beneficial effects in various ailments [2, 3] . V. negundo is reported to possess various pharmacological activities, including antioxidant [4] , analgesic [5] , anti-genotoxic [6] , anti-inflammatory [7] , anti-convulsant and central nervous system (CNS) depressant activity [8] . V. negundo is reported to contain terpenoids [9] , flavonoids [10, 11] , iridoids [12] , and lignans [13, 14] .
HPTLC and HPLC analyses of negundoside, and HPLC analysis of vitexin in V. negundo leaves have been previously published [15, 16] . The iridoids and flavonoids were reported as bioactive constituents and, as part of our continuing program on qualitative and quantitative analysis of natural products in plant extracts [17] [18] [19] , we aimed to develop simple, accurate and robust HPLC method for simultaneous determination and quantification of iridoids (1, 2) and flavonoids (3) (4) (5) (6) (Figure 1 ), in V. negundo leaves from three different region of India.
Compounds 1-6 were identified using MS, 1 H and 13 C NMR spectroscopy and by comparison of the observed spectral data with that reported in the literature as negundoside (1), agnuside (2), isoorientin (3), vitexin (4), isovitexin (5) and vitexicarpin (6) ( Figure 1 ). The purities of 1-6, determined by HPLC on a RP-18 column eluted gradient wise with water (0.1% acetic acid) and methanol, were in the range of 98.8 to 99.9%.
After several attempts, a Water's Symmetry C-18 reversed phase column and gradient elution using a mobile phase consisting of 0.1% acetic acid (A) and methanol (B) was optimized to give stable baseline separation and good resolution of all the compounds in extracts of V. negundo leaves ( Figure 2 ). calibration curves were prepared for compounds 1-6 in the specified concentration range. The slopes, intercepts and correlation coefficients (r 2 ) were calculated by linear regression analysis and are shown in Table 1 . The correlation coefficient was found to be ≥0.999 for all the compounds studied which indicated the high degree of correlation and good linearity of the method.The lowest value of LOD and LOQ was observed for vitexicarpin (1.73 and For intra-day variations, the %RSD values of 1-6 were found in the range of 0.10-1.70%, while in the case of inter-day variations, the values were in the range of 0.07-2.71%. These %RSD values are within the permissible limits and reflected the precision of the method ( Table 2 ). The average recoveries for the determined compounds (1-6) were between 99.3-103.0% with %RSD≤2.6% (Table 3) , which indicated good recovery of the respective samples, indicating the accuracy of the reported method.
The robustness of an analytical method is a measure of its capacity to remain unaffected by small, but deliberate variations in method parameters and provides an indication of its reliability during normal usage. For compounds 1-6 the %RSD values were found in the range of 0.076-0.987 for the mobile phase, 0.45-0.93 for the flow rate, 0.41-1.94 for the temperature and 0.42-1.32 for the mobile phase gradient. As the observed values of %RSD were less than 5% in all the four studied parameters, the developed method could be considered as robust.
The proposed method was utilized for the determination of compounds 1-6 in three different samples of V. negundo leaves (Table 4 ). HPLC analysis revealed that agnuside was the major constituent in the samples A and B. Sample C showed less concentration of agnuside, which might be due to its degradation into para-hydroxybenzoic acid (Fig. 2) , which was confirmed by LC-MS analysis. Vitexin (4) was detected in low amount in sample A, whereas it was not detected in samples B and C. Instrumentation: HPLC analysis was performed on a Waters 600 HPLC system equipped with a Delta 600 quaternary solvent pump, an in-line degasser, a 717 plus autosampler, a temperature control module, a 2996 photodiode array (PDA) detector and Empower TM 2 software (Waters, Milford, MA, USA). The analytical method was developed on a C-18 Symmetry column (4.6×250 mm, 5.0 µm) (Waters, Milford, MA, USA).
Isolation of reference standards of iridoids and flavonoids (1-6):
Powdered leaves (100 g) of V. negundo were extracted for 24 h with 2.5 L methanol using a Soxhlet apparatus. The methanol extract was filtered and dried under reduced pressure to give 16.3 g of extract.
Part of the methanol extract (10 g) was dissolved in 10 mL of methanol and subjected to a Diaion resin HP-20 column and eluted, gradient wise, with methanol and water. Five pooled fractions (F-1 to F-5) were obtained by eluting with 0%, 20%, 30%, 40-80% and 100% methanol.
Fraction F-2 (4 g) was found to be a mixture of negundoside and agnuside. Part of F-2 was purified by preparative HPLC using methanol and water (30: 70) at a flow rate of 5 mL/min to yield compound 1 (67 mg) and compound 2 (54 mg). Fraction F-3 (650 mg) was subjected to CC on Sephadex LH-20 and eluted with Analysis of flavonoids and iridoids in Vitex negundo Natural Product Communications Vol. 8 (9) 2013 1243 methanol to give 5 sub-fractions. Sub-fraction F-3.2 (280 mg), further purified on Sephadex LH-20, gave compound 2 (110 mg). Sub-fraction F-3.4 (26 mg) was also purified on Sephadex LH-20 to yield compound 3 (12 mg). Part of fraction F-4 (1.2 g) was purified on a preparative HPLC system using methanol and water (40:60) at a flow rate of 5 mL/min to give compounds 4 (8 mg) and 5 (12 mg) . Similarly, part of fraction F-5 (1.8 g) was processed by preparative HPLC using methanol and water (60:40) as mobile phase to give compound 6 (15 mg).
Sample preparation of V. negundo leaves for HPLC analysis:
A weighed amount (25 g) of coarsely powdered leaves of the three samples of V. negundo from NIPER (sample A), Abirami botanicals (sample B) and Srijee Ayurved (sample C) were refluxed with methanol (100 mL) for 2 h at 50°C. The obtained extracts were filtered through Whatman filter paper and dried under reduced pressure. For HPLC analysis 10 µL of 5 mg/mL solutions were injected. The prepared sample solutions were sonicated and filtered through a 0.45 µm membrane filter prior to analysis. The sample (A-C) solutions were stored at -20C until analysis.
Preparation of standard solutions for HPLC analysis:
Stock solutions of all compounds (1-6) (1 mg/mL) were prepared separately in methanol. All the standard solutions were stored at -20 C until analysis. Compounds 1-6 were analyzed in the 3 samples of V. negundo leaves. The prepared standard solutions were sonicated and filtered through a 0.45 µm membrane filter prior to analysis.
HPLC analysis:
The analysis was carried out on a RP-18 column using 0.1% acetic acid (solvent A) and methanol (solvent B) as mobile phase in gradient mode. The gradient elution profile used was: 0 min, 30% B; 5 min, 40% B; 20 min, 40% B; 25 min, 50% B; 30 min, 70% B; 40 min; 70% B, 42 min, 95%; 60 min, 95% B; 65 min, 30% B; 70 min, 30% B. The column was equilibrated with 30% B for 5 min before the next injection. Ten µL of standards and sample were injected into the HPLC at a flow rate of 1 mL/min. All the analyses were carried out at 30C using a column oven. The iridoids (1 and 2) and flavonoids (3) (4) (5) (6) were analyzed at 254 and 330 nm, respectively.
Validation of HPLC method:
The HPLC method for the simultaneous quantification of iridoids (1, 2) and flavonoids (3) (4) (5) (6) was validated in accordance with the ICH guidelines for the linearity, precision, recovery and robustness.
Linearity, LOD and LOQ:
The linearity was performed for each compound separately and the concentration range was chosen on the basis of the expected values in the study. The calibration curves were generated from 5 concentrations of each compound in duplicate; regression coefficient, slope and intercept were calculated. The calibration curves thus obtained were used to quantify the respective compounds in extracts of the 3 samples. LOD and LOQ values of compounds 1-6 were calculated based on the signal to noise (S/N) ratios of 3 and 10, respectively.
Precision: For intra-day precision, the individual compounds (1) (2) (3) (4) (5) (6) were analyzed at 3 different concentrations in triplicate within one day. For inter-day precision, the standards were analyzed in triplicate on 3 consecutive days. The precision results were expressed as relative standard deviation (%RSD).
Accuracy: Accuracy was determined by using a recovery study. The recovery studies were performed by adding a known amount of individual compound (1-6) at low, medium and high concentration into a 5 mg/mL extract of sample A. The 3 concentrations were analyzed in triplicate and the results were expressed as the percentage recovery of the added analytes/compounds.
Robustness:
The robustness of the analytical method was checked by making deliberate changes in the chromatographic parameters.
In the present study, the changes made were: concentration of acetic acid in water (0.08 and 0.12%), flow rate (0. 
Statistical analysis:
The concentrations of compounds 1-6 in the extracts were determined from the respective area under the peak obtained from the calibration curves and the data have been expressed as mean ± SD (%RSD). The intra and inter-day variations for compounds 1-6 have been expressed as %RSD, while LOD and LOQ of 1-6 were calculated using HPLC software (Empower TM 2 System Suitability, Waters) and expressed as ng/mL.
